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[Introduction]  Alzheimer’s disease (AD) belongs to a type of dementia. AD is 
characterized by extracellular amyloid plagues and intracellular neurofibrillary tangles. 
The plaques are composed of aggregates of a small peptide called amyloid-β peptide (Aβ), 
which is produced by sequential cleavage of amyloid precursor protein (APP). One of the 
cleavages of the extracellular domain gives rise to α–secretase, resulting in the production 
of the soluble APP namely sAPPα. Since sAPPα plays a crucial role during the 
development of AD, it becomes the focus of intensive research. Most of the individual 
domains have been successfully determined and crystallized, yet the overall structure of 
sAPPα has not clearly been understood. To further investigate sAPPα, we conducted 
small-angle X-ray scattering (SAXS) measurement at SPring-8 for analyzing the solution 
structure of sAPPα and try to crystallize it by using an automation of protein 
crystallography screening. 
[Experimental]  The plasmid pN-8 encoding sAPPα was expressed in Escherichia coli 
Rossetta gami (DE3) cells. The recombinant protein was purified to homogeneity, by using 
four methods of protein purification; nickel affinity chromatography, ion exchange 
chromatography, refolding, and gel filtration chromatography. At the refolding step, the 
sample was divided in three parts, each subject to different type of treatment; sample A 
without additive, sample B contained 1 M glycine ethyl ester (GlyEE), and sample C 400 
mM glycine amide (GlyAd). Each of the purified proteins was concentrated to 
approximately 10 mg/ml. All SAXS measurements were performed at the BL45XU SAXS 
station, RIKEN Harima Institute SPring-8 Center (Hyogo, Japan). The crystals of sAPPα 
were obtained by using 96-well plate with automated protein crystallography screening, 
mosquito® LCP. 
[Result and discussion]  The cDNA encoding sAPPα with one His-tag was cloned and 
transfected into the E. coli. As a result, the target protein was bound to the gel when 
purified by nickel affinity chromatography. However, we found the recombinant protein 
has a low-affinity to the nickel column in 20 mM imidazole, but the protein was released 
immediately after the concentration of imidazole increased to 70 mM.  The final step of 
purification is gel filtration chromatography. From here, the fraction used for next analysis 
was collected from fraction 2 that shows the most pure region of purified protein.  
We have investigated the sAPPα by SAXS. In the first time, we conducted the SAXS 
measurement using a single cell cuvette. However, we had some difficulties. This could be 
caused by aggregation which occurred during preparation of SAXS measurement. Guinier 
analysis by program GNOM indicates the sample is possibly aggregated.  
To prevent aggregation during SAXS measurement, we conducted the experiment 
using in-vacuum capillary flow cell connected to a gel filtration chromatography system. 
This experiment facilitate to analyze the sample in more detail. Interestingly, however, the 
optical density curve shows a shoulder after the intensity reach the maximum peak, 
especially for sample B which contained GlyEE and sample C containing GlyAd. These 
samples were the fraction after gel filtration chromatography. In this case, the sample was 
applied for the second time into gel filtration chromatography, resulting in better 
separation by molecular weight. According to this result, we conclude that the use of 
GlyEE and GlyAd was effective to increase the purity of sAPPα.  
We analyzed the data where the radius of gyration, Rg range showed a constant value 
(nearly flat). The result indicates that the protein observed from frame 100 to 110 was well 
folded. The Rg values are 54.5 Å, 51.8 Å, and 61.3 Å, for sample A, B, and C, respectively. 
Furthermore, the maximum distance, Dmax, of all samples are 272.5 Å, 205.9 Å, and 289.2 
Å, respectively. The Rg and Dmax of the three different samples are nearly identical and 
they are within the range of standard molecular weight of sAPPα. However, we have just 
done the preliminary experiment. Crystallization will be repeated to finally obtain results 
to meet reproducible criterion. Perhaps, different purification approaches or 
supplementation of additives would facilitate the acquirement of sAPPα model.  
Based on the present result of SAXS measurement, we assumed the protein should be 
pure enough for crystallization. Reproducible large crystal grew within a few days from 
some buffer solutions, such as, 0.2 M lithium sulfate monohydrate - 0.1 M Tris 
hydrochloride pH 8.5 - 30% w/v polyethylene glycol 4000. The crystal grew in 
polycrystalline state, seemingly like a snowflake. It was difficult to continue to analyze the 
protein by X-ray crystallography. It is necessary to obtain a crystal of better quality 
permitting successful in analysis by X-ray crystallography. 
 
